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INTERFERENCE OF TAIL SURFACES AND WING AND FUSELAGE FIMEM TESTS OF
17 COMBINATIONS IN THE N. A. C. A. VARIABLE-DENSITY TUNNEL

By ALBERTSEERMAX

SUBIBIARY I

An inreetigation of the interference a~sotiated with tail i
@aces added to wing+selage combinations was included
in the interference program in progress in the AT.A. C. A.
~m”ab[edensity tunnel. The result8 indicate that, in
aerodynamically clean combination, the increment of the
high-speed drag can be estimated from section character-
i+%cs within useful limits of accuracy. The interference
appears mainly as eflects on the downwash angle and aa
losses in the tail effectiveness andrarim with the geometry oj
the combination. An interference burble, which markedly
increases the glide-path angle and the stability in pitch
before the actual stall, may be considered a means oj
obtaining satisfactory stailing character?”stics for a com-
plete combinatwn.

INTRODUCTION

The invest:gntion that the Committee has been con-
ducting in the variable-density wind tunnel of the
aerodynamic interference between the wing and the
fuselage (references 1 to 6) has been extended to include
the interference associated with the tail surfaces. Com-
parable data at large scale are thus made available on
the aerodynamic interference between the component
parts of related complete combinations.

Representative wing-fuselage combinations were teet-
ed, to which had been added two ditlerent types of t.aiI
surface: conventionally arranged tail surfaces of semi-
ellipticnl plan form and rectangular horizontal tail
surfaces with elliptical end plates. The tests were
restricted to the conditions of zero elevator deflection
and zero yaw, and the effecik of the interference on the
drag, the downwash angle, and the tail effectiveness
were mainly considered. ERects of the following
variables m“ere studied: wing position, angIe of wing
setting, form of tail surface, and form of Wing-root junc-
ture. A comparison of calculated and experimental
data on the down-wash angle at the tail is FLISOincluded.

MODELS AND TESTS

The wing employed is the tapered wing described in
reference 1; it is a duralumin model having an area of
150 square inches, aspect ratio 6, taper ratio 2, and
the N. A. C. A. 0018 section at the root and the NT.A.

C. A 0009 section at the tip. It was combined with
the fuscIage in the standmd longitudinal position,
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20.156inchee and a fieness ratio of 5.86. The tapered
fillets (reference 1) were careftiy constrwctsd of plaster
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of paris and were given the P@hed Igcq~ fkish now
standard for the wing-fuselage-interference investiga-

tion (reference 5). Figures 1, 2,and 3 me photographs
of interesting combinations and show the proportions
of the tail surfaces and their location on the fuselaga
axis. plJ4

The details of the tail surfaces me given in figuro 4.
For the elliptical tail surfaces, the vertical surfaco is
iden ticnI with each of the horizontrd surfaces. Tho
tail with eud plates has approximately tho same tottd
wetted area se the elliptical horizontal and verticaI
td surfaces, but its calculated totnI-Iift-curve S1OIM
was predicted from the theory of reference 7 to be S4
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percent as large. Only very small fillets wore used at
the tail surfaoes (eee figs. 1 and 2) becauso fdloting was
believed unnecessary for the junctures employed. The
test result-s do not indicate that larger fillets would be
an improvement. Table V contains the descriptions
of the combinations (314 to 330) that make up this
investigation.

The oombinatione were tested in the variabIe-dmsity
wind tunnel (reference 8) at a test Reynolds Number of
approximately 3,100,000, corresponding to an effectivo
Reyn61ds Number of S,200,000 for CL~=Z. (l% refer-

ence L) Jh addition, dues of the maximum Iif t co-
efficient were obtained at a reduced speed corrcspond-
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ing to an effective Reynolds Number of 3,700,000. The
testing procedure and the test precision were About the
same as for an airfoil. (reference 8). The three-oom-
ponent balance of the mriabledensity wind tunnel
restricted the study of the vertical tail surfaces to the
zero-yaw condition.

based on the projected wing area of 160 square inches
and on the mean chord of 5 inches. The methods for
analysis of the test data and for presentation of the
teat results are eqdained in rekence 1.

Tables I and II, taken from reference 1, contain the
aerodynamic chmactetitics of the wing and of the
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RESULTS

The test results are given in tables I, II, III, IIht,
and V supplemented by &ures 5 to 10. Data from
previous reports are included for comparison. Addi-
tional derived data on tail interference and downwaeh
angle at the tail are presented in the text of the dis-
cussion and in figure 11. The aerodpamic character-

istics are given as standard nondimensional coefficient
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fueeIage, respectively. Table III, continued from refer-
ence 6, presents the sums of the fuselage character-
istics and interferences (A(7L, ACD6, AC.=J for the
different combinations at various angles of attack.
Table IIIa, continued from reference 6, presents the
sums of the characteristics and interferences of the
tail surfactx. The characterist.im of the combinations
themselves can be determined by adding the correspond-
ing items in tablea I, III, and IHa.
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Table IV of reference 1, which presents the data for
disconnected combinations (combinations for which the
forces on the components are measured separately), is
omitted herein as it is in references 2 to 6 becw.se no
further teeta of this nature were performed. The table
numbers me maintained as in reference 1, however, ti
preserve the continuity of the published test results of
the interference invest@tion.

Table V, contihued from reference 6, contains the
principal geometric and aerodynamic characteristics of
the combinations. The values d/c and k/c represent
the longitudinal and the vertical displacements, respec-
tively, of the wing quarter-chord axis measured (in
mean chord lengths) positive ahead of and above the
qumter-length point of the ~use18ge axis. The -value

no,

tions with tail surfaces, however, the Jift at
‘ an arbitrary angle of trim, i. e., where C~C,t= 0,

is given instead.

aerodynamic-center position, indicating ap-
proximately the location of the rterodynfamic
center ahead of the wing quarter-chord nsis
as a fraction of the merm wing chord. h~u-
mericaIIy, % equals d~~,,4~ff(?L rbi zero lift.

For the combinations with tail surfuccs,
however, m is given instead for the arbitrary
trim condition, i. e,, a~ C~,14=0.

pitchimg moment at zero lift.
lift coefficient at the interference burble, i. e.,

the value of the Iift coefficient boyoncl which
—— —..

Lift coefficlenfQ

~QURE 9.—Effwts (d ~et9 ~ th9 Oh~CtOIfStiCSOf bW-Wfw corabtnatfcns.
TaperedN. A. C. A. fOIS-Wairfo!landroundfmnIas.s;k/c- -OJZ {.-0”: i#=-4°.

i. is the angle of wing setting with respect to the
fuselage axis and i, is the setting of tho tail surfaces
relative to the wing.

The last mine columns of table V present the folIowing
important aerodynamic characteristics:

a, lift-curve slope (in degree measure) as deter-
mined in the range of low lift coefficients for
an effeotive aspect ratio of 6.86. This value
of the aspect ratio differs from the actual
value for the modek because the lift results
are not otherwise corrected for tunnel-wail
interference.

e, Oswald’s airplane, or span, efficiency factor,
(See reference 1.)

CD,=,., minimum effective profile-drag I coefficient

(+0.,. corresponding to the test

Reynolds Number.

CLOP,,optimum Iift coefficient, i. e., the lift coefficient

corresponding to o., ~~. For the combina-
m

Lifi coeffiu%t ~

~URE 10.–Effw@ofwfug@Mn.gon tha chamcttufstkaofmfdwlng mnldnnhns.
TaIMIM N. A. O. A, WI&W afrfoff and roundfu.wlagqk/c.~ L.(P.

the air flow has a tendency to break away M
indicated by an abnormal drag increase.

CL~az, maximum lift coefficient given for two different
valuw of the effective Reynolds Number.
(See “-reference 1.) The turbulence factor
employed in this report to obtain the effective
R from the test R is 2,64.

&in reference 2, the vahws of the effective Reynolds
h’umber difler somewhat from those given in reference
1 because of a later determination of the turbulence
factor for the tunnel. The values of the cflcctim
Reynokle IWmber given in reference 1 can be corrected
by multip&ng by 1.1.

The data thus presented for the combinations with
tail surfaces are directly applicable h design purposes
only qt the attitude for trim, thut is, when the pitching
moment about the center of gravity is zero. At other
attittides, the conditions of the tests cannot be repro-
duced in steady flight. The most important inter-
ference eflecte for tail surfaces, however, should bo
satisfactorily indicated over the range of lift coefficients
by these results.
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DISCUSSION

LIFT

The horizontal tail surfaces at constant setting add to
the lifting area of a combination and should therefore
increase the Iift-curve slope. For the combinations
tested, the gain in Mt-ourve slope amounted, within the
limits of the test accuracy, practically to the value that
would be calculated from the Iift expected of the tail
operating alone as a wing, the downwash and the wake
interferences being negIected. The observed increases
in the maximum lift (table V) naturally cmnot be
considered real as they vi-ere obtained with unddlected
elevatom and highly tmbalanced pitching moments.
The effect on the maximum Iift of the. interference of
tail surfaces with elevators deflected is outside the scope
of this invedgafion.

DRAG

The experimental increments of the minimum drag
coefficients of the combinations due to the semiellip-
ticaI tail surfaces at 0° setting (0.00035 to 0.00055 per
surface) agree within the teat accuracy with a value
estimated from section characteristics and the wetted
area (0.00045 per surface). This agreement shoys that
no large resuhmt interference effect of the tail surfaces
could have been present. The horizontal tail surfaces
set +4° show larger contributions to the minimum drag
than those set 0°, but the differences are generaIIy too
smalI to be important. (See table V.)

Over the range of low to moderate lift coefficients,
the variation in the drag increment aIao was unimpor-
tant for two of the tail settings investigated (0° and
–4°) and, moreover, vms often favorable (figs. 5, 6,
and 7). For a tail setting of 4°, however, tMs varia-
tion was appreciable and ad~erse.

From the foregoing considerations it can be concluded
that, with regard to the high-speed or cruising drag,
cJemly constructed tail surfacm within the normal
rmge of tail settings may be satisfactorily allowed for
in design by simple calculations based on section char-
acteristics and the wetted area, neglecting interferences.
Incidentally, the data indicate how low a drag ahonId
be expected from cleaning up the conventional airplane
design. The value of 0.0135 (11=3X 10s) for the efTec-
tive profile-drag cdtlcient for combinations 314 and
315 (&. 5) at a CL of about 0.3 represents the drag
obtainable for a small airplane. In view of the tur-
bulence present in the air stream of the variabledensity
wind tunnel and the unevaluated part of the support-
strnt interference, this value is believed to be conserv-
ative. Extrapolation of the drag values given in this
report to higher Reynolds Numbers can be made by
the methods described in reference 9.

PITC~G MONE~T

The horizontal tail surfaces are employed to provide
stability in pitch. They form what is essentially an

ma14H~5

airfoiI operating under the influence of an interfering
body, the wing-fuselagge combination. The most im-
portant interferences at the tail may be separated into
two effects: that on the flow direction, or the down-
-wash; and that on the flow velocity, or the wake.

Downwash and wake,—When the wing-fuselage com-
bination is lifting, the downflow components induced
by the vortex pattern in the air stream reduce the
effective angle of attack at the tail by an amount
referred to as the “dowmvash angle” e.

The evaluation of c is necessary in stability calcula-
tions. A method exists for the prediction of the
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fownwash sngIe at the tail associated with any type
~f wing (reference 10), but the amount that e is modi-
6ed by the interference in a @-fuaeIage combina-
tion remains to be found. I&me 11 gives a compari-
wn of valu= of the average downwash angle over the
tail span as calculated by the method of reference 10
md as derived from the experimental results for the
911iptical tail surfs- on the high-wing, the midwing,
md the low-vi5ng combinations. Experimental values
of e for the tail with end plates on the midwing com-
bination are included. The method employed to
obtain the experimental values was as follows: Ati each
~peded angle of attack, the rate of change of pitching
moment with the angle of attaok of the tail was deter-
mined from the pitching moments for tail settings of

—.
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–4°, 0°, and 4°. Next, the change produced in the
pitching moment by adding the tail surfaces was divided
by the rate just derived to give the effective angle of
attack of the tail. The exp~ental value of the down-
wash angle q then, was the dfierence between the geo-
metric angle of attack of the tail and its effective angle
of attack. This procedure avoided the complications
of the wake interference and the tail effectiveness.

It can be seen from figure 11 that, for the elliptical
tail on the symmetrical midwing combination, the
agreement between the predicted and the experimental
downwaah angles is good omr the nmge of low to mod-
erate lift coeffcienta Appare@Iy, the interference of.
the fusehtge and the junctures was negligib~e. For the
high-wing and the low-wing combinations, the agree-
ment is poor. The discrepancy, however, is prac-
tically constant, therefore of little importance in sta-
bility calcuIatione, and is of opposite sign for the high-
wing and the low-wing combinations. Apparently, at
zero lift the tail surfaces have already an initial effec-
nve angle of attik of approximately 0.8° for tho low-
wing and – 0.8° for t@e high-wing combinations. (See
pitching-moment cu.ivee of @s. 6, 7, and 8.) The
geometrical asymmew, then,.p.reduces ~ inithl de-
viation in the flow at the tail impossible to derive frcm
a theory that considem only the wing. A comparison
of figures 7 and 9 shows that most of this interference
is chargeable to the filets. The same effect can be
produced, however, by other sources of asymmetry,
such as wing setting. (Cf. mu-vea of pitching moment
in fig. 10, and also CmOfor .c.ombina.tiona 314 and 322 in

table V.)
Figure 5 shows that, for zero tail setting and at low to

moderate Iift coefficients, the tail surfaces with end
plates produce as large a change k the pitching moment
as the eI.Iiptical tail surfaces, indicating that they should
have as high a slope of the total-lift curve. The slope
for the end-plate tail, however, has been calculated to
be only 84 percent of that for the elliptical tail. This
calculation appears corroborated, moreover, by the
change in the pitching moment at zero lift developed
by the end-plate tail, corresponding to a c~ge from
0° to –4° in tail setting, which was also about 84

percent of the. change produced by the elliptical tail
(fig. 5). The apparent inconsistency may be explained
by the experimental, and unexpected, circumstance
that the average downwash angle afTecting the end-
plate tail was slightly less than that ailecting the
elliptical tail and balanced its. lower. lift-curve slope.
(See fig. “11. .Refer also to pitihing-moment curves in

@. 5.) No explanation for this difhrence in downwash
is offered. Further investigation of tail surfaces of dif-

ferent geometric characteristic may provide a better
understanding of the nature of such intdercnco
phenomena.

Stability at the stall,-The problem of obtaining satw
isfactory stalling characteristics is commanding atten-
tion in connection with the refined presenhday mono-
planes. h wsential feature of a satisfactory stall is
that it gh-e ample warning, associated preferably with
rapidly increasing stability in pitch. Figure 9 presents
the aerodpamic chmacteristics for a low-wing unfilloted
combination of moderate aspect ratio (see fig. 3) tlmt
employs a common method of achieving such a stall, an
interference burble (see reference 1); the burblo oc-
curred at a lift coefficient of about 1.0, which is above
the climbing range, and rwulted in a loss of downwtish
at the tail. Aa the angle of attack was increased, the
lift continued to increase slowly to the maximum but
the diving moment and the drag rose prccipitcusly,
insuring a steeper glide path, an ~ppreciable inc.reasc in
stability in pitch, and thus a warning of the approaching
stall. It is understood from flight results thtit some
tail btieting may occur simultaneously; this buffeting
is an unmistakable warning that cannot be overlooked.
The interference burb~e can be delayed to a higher lift
coefficient, if so desired, and the cost in mmimurn lift
and minimum drag can be reduced by small fillets.
The use of the interference burble is therefore not
necessarily a makeahift solution in the design of air-
plan~ for acceptable stalling charackwistics.

Tail factor,—The tail factor, q,, maybe defined as the
ratio of experimental tc calculated changes in the pitch-
ing moment-due to the horizontal tail surfaces. The
calculated changes may be derived from the geometric
and the aercd~amic chmacte~istics of the t~il surfnccs
with due allowance for the downwash angle and the
flow velocity at the tail M affected by the wake. Ordi-
narily, the factor is derived from the oxperimmt al
and the calculated changes in the pitching moment of
the .combirmtion produced by Mersntxettings of the
tail surfaces for a given angle of attack of the wing..
This procedure avoids the complication involved with
the downwash nngle at the tail. Such a derivation re-
sults, however, in a factor corresponding to & riqing
angle oj tail Ming rather than one for a varying angle
of attack of the combination as a whole. Tho inter-
ference associated with various tail-surface settings
might possibly d%er, and hence the factor as ordi-
narily obtained would not strictly apply to stabiIi&y
calculations for which the tail changes angle together
with the combination. As will be shown later, how-
ever, the varkdion in tail factor over a moderate range
of angles of taiI setting is generally unimporhmt for
combinations such aa reported herein.
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If the tail factor is derived as described, it will differ
from uni~ by an amount proportional to the unaMlu-
ated interference. Reference 10 contains methods of
obtaining the interference behind the wing. The
interference tith a fuselage present remains to be in-
vestigated. The foLlowing table presents a comparison
of taiI factms for various combinations with allowance
made for the interference of the wing alone in accordance
with the methods of reference 10.

COMPARISON OF TAIL FACTORS FOR DIFFERENT
WING-FUSELAGE COMBINATIONS

EUf@kaltell surfaces 1

314. . . . . 0 0
3g::::: o 0 -:

1

.K1 0.91 m91 {–_: g –: :~~ –_: g
.22 0 4 .7Q .82 .ml –. 164 –. 198 –.221

3U41---- .22 0 _: {:U :%
m----- .Yi o :1 } -“2 -.179 -2,,

.81 XJ -.167
X30..-.. –. 22

–. lao -.213
0 4 .81 .’XI –. lRS “–.146 –. lw

3131.. . . –. 2 0 .81 .fll
0{:% .7Q

3?a---- –. !22 o
AJ } -.’~ ‘.161 -.~

–4 .7Q .79 –. lm –. In –. Eil

‘Ml anrfaceswith end plates I

1From refeiwrce6.

Notice that T, is practically constant for the s.mn-
metrical midwinc combinations over the raruze of ansdes
of attack inves&ated. For the high-wing &d the l&v-
wing combinations, the factor shows greater amounL~
of unevaluated interference at low angles of attack than
for the midwing combination. lMost of the difference
is believed to result from the asymmetry introduced
by the fillets. (Notice in fig. 9 the reduction of alope
in the pitching-moment curre associated with the
flets.) It appears, therefore, that a knowledge of the
interference behind a wing alone is insu.flicient for cal-
culating the effectiveness of taiI surfaces in combina-
tions. Until further resea_rch more fully evaluates the
interference at the tail of combinations, estimates
based upon test results, such as in this report, must be
relied upon in stability calculations.

The values of ~, given are obviously average-s for the
two tail settinga employed in each derivation. For any
combination chogen, at a specified angle of attack, the
downwash angle and the wake interference may be
assumed unchanged for various tail settinga. Under
such conditions, a variation in the change produced in
the slope of the pitching-moment curve by adding tail

‘dacesA( ‘:;;4 )
is a direct indication of a variation

in the tafl factor. From the columns of A
( ‘:24 )h

the preceding table, it can be concluded that the taiI
setting did not, in generaI, greatly ailed the tail factor

at the lower lift coefficients within the range investigated .-
and within the accuracy of the data. It appears, there-
fore, that a factor derived from a small range of tail
settiogs is reasonably applicable to horizontal tail
surfaces that change angle together with the combina-
tion as a -whole. Check calculations with the data

——.

using factom so derived corroborated this conclusion
by comectly predicting the curves of pitohing moment
produced by the M surfaces.

The factors of the tail with end plates in the
symmetrical midwing combination are pr~ctically the
same as those of the elliptical taiI. (Cf. also dues

‘f< %4)
) This agreement indicates that the

unevaluated interference is not intimately connected
with the geometry of the tail surfaces themselves.

CONCLUSIONS

The results of the present tests show that:
1. The increment of the drag in the high-speed range

caused by adding tad surfaces in the nornuil range of
tail settings to clean combinations can be estimated
within useful Limits of accuracy from the section char-
acteristics and the -wetted area, the interference being
neg]ec~d.

2. The interference of the fuselage in symmetrical
midwing combinations on the downwash angle behind
the wing is small.

3. The eflect of asymmetry in the combination ia to
introduce a corresponding initial deviation in the air
stream at the tail.

4. The effective downwash angle at the tail may vary
somewhat with the geometry of the tail surfaces under
consideration.

5. An interference burble for a combination of wing,
fuselage, and taiI surfaces may be considered a satis-
factory means of producing acceptable stalling charac-
teristics.

tl. For combinations such as were investigated, large
611ets at the taikrface junctures are unnecessary.

7. Knowledge of the interference behind the wing
alone is not su.tlicient for evaluating the effectiveness of
tail surfaces added to wing-fuselage combinations.

LANGLEY hlEMOBIAL AERONAUTICAL LABORATORY,

NATIONAL ADVISORY COMMITTEE FOE AERONAUTICS,

LANGLEY FIELD, VA., Niwenzber 6, 19S8.
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PRINCIPAL AERODYNAMIC CHARAOTERK3TICS OF THE COMBINATIONS
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TABLE V—Continued

PRINCIPAL AERODYNAMIC CHARACTERISTICS OF THE COhlBINATIONS-Continued
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